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ACCUNIULATED CLINICAL experience has
long suggested that man not uncommonly
survives the sacrifice of large segments of
small intestine. 4 0 . 11 14The results, how-
ever, are variable, and for every favorable
case that finds its way into the literature,
there ale withotut question a considerable
l)blt unknowvn ntumber of patients who do not
surlvive suclh a catastrophe. Since in clinical
practices, resections for the most part are
pei formed under tincontrolled conditions,
istilally for extensive neoplastic disease or

for infarcted gut, reliable data concerning
essential functions of specific levels of the
intestine cannot be gathered in this fashion.

Experimental sttudies in dogs reveal that
animals also can, wvith rieasonable assurance,
be deprived of from 50 to 70 per cent of their
small intestine and maintain a neali normal
nuttritional status. However, mole detailed
information relating to the relative nttri-
tional importance of the various levels of the
small intestine is sparse and conflicting. Re-
ports of Flint,5 Althauser,' WVeckesser,15
Jensenius and others' I suggests that the
principal deficiency following such piroce-
(lures is a moderate to severe interference
with absorption of fat; protein absorption is
less severely affected, and carbohydrate re-
mains relatively unaffected.
The present study was undertaken to de-

fine differences of nutritional adjustment
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after sacrifice of comparable segments of
proximal and distal small intestine. As a re-

sult of these studies it is apparent that in the
dog, the major discernible abnormality after
loss of the distal small bowel is a marked
diminution in efficiency of fat absorption as-
sociated with loss of weight. On the other
hand, after sacrifice of comparable lengths
of the proximal small intestine, the animal's
weight is satisfactorily maintained near pre-
operative levels, and no great interference
with fat absorption is observed.

METHOD OF PREPARATION

Dogs were operated upon under aseptic
conditions. Measurements were made along
the mesenteric border of the gut from the
ligament of Treitz to the ileocecal valve.
Fifty to 70 per cent of the mesenteric small
bowel was then removed from the intestinal
stream. The defunctionated bowel had its
blood supply preserved and its proximal and
distal ends were exteriorized as a cutaneous
stoma. Intestinal continuity was re-estab-
lished by end-to-end anastomosis except
when the ileocecal valve was bypassed. On
these occasions the intestinal-colic anasto-
mosis was made end-to-side.

Five groups of animals with three animals
per group were originally prepared. Figure
1 illustrates the various groups. Group I had
the proximal 50 per cent of small bowel re-
moved from intestinal continuity. In Group
II the distal 50 per cent of small bowel was
removed from 3 cm. proximal to the ileoce-
cal valve extending the necessary measured
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EXPERIMENTAL PREPARATIONS
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FIG. 1. Experimental animal preparations. (I) The proximal 50 per cent of small intestine
removed from intestinal continuity as a Thiry-Vella fistula. Anastomosis at ligament of Treitz.
(IA) Group I animals reoperated upon after 24 weeks with bypass of ileocecal valve. Distal two
centimeters of ileum inverted and closed. (II) The distal 50 per cent of small intestine removed
from intestinal continuity as a Thiry-Vella fistula. Anastomosis two to three centimeters proximal
to ileocecal valve. (IIA) Group II animals reoperated upon after 24 weeks of observation. The
previously excluded distal bowel replaced into the intestinal stream and the proximal 50 per cent
of small bowel excluded as a Thiry-Vella fistula. (III) The distal 50 per cent of small intestine
removed from intestinal continuity as a Thiry-Vella fistula. The terminal three centimeters of
ileum closed and inverted. Anastomosis end-to-side to right colon. (IIIA) Group III animals
reoperated upon after 24 weeks. The anastomosis to the right colon taken down with reanasto-
mosis to the previously closed three-centimeter stump of terminal ileum. (IV) The proximal 70
per cent of small intestine removed from intestinal continuity as a Thiry-Vella fistula. Anastomosis
at ligament of Treitz. (V) The distal 70 per cent of small intestine removed from intestinal con-
tinuity as a Thiry-Vella fistula. Anastomosis two to three centimeters proximal to ileocecal valve.

distance cephalad. Group III was similar to
Group II, except that the ileocecal valve was
bypassed. The terminal ileum was tran-
sected 3 cm. proximal to the ileocecal valve.
The distal transected ileum was inverted
and closed, and an anastomosis to restore
intestinal continuity performed end-to-side
onto the right colon, just distal to the ileo-
cecal junction. Group IV was similar to
Group I except that the proximal 70 per cent
of small bowel was removed from continu-

ity. Group V was similar to Group I1 except
that the distal 70 per cent of small bowel
was removed from intestinal continuity.
Group IA, IIA and IIIA were conversions

of the original groups after a 24-week period
of observation which served as a control for
the further study. In Group I, in order to test
further the effect of the ileocecal valve, at
reoperation the original anastomosis at the
terminal ileum three cm. proximal to the
ileocecal valve was taken down. The remain-
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PROXIMAL AND DISTAL SMALL INTESTINE

ing stump of terminal ileum was closed and
inverted. The residual small intestine was

anastomosed end-to-side to the right colon.
In Group II at reoperation, the proximal 50
per cent of small intestine was removed
from its position in the intestinal stream and
converted to a Thiry-Vella fistula. In its
place the distal 50 per cent of small bowel,
which previously had been out of intestinal
continuity in the original preparation, was

returned to the intestinal stream. One of the
three dogs in this group died following re-

conversion, two survived in good health for
further observation. In Group III at reopera-
tion, the anastomosis of small intestine to
right colon was taken down and intestinal
continuity was re-established by reanasto-
mosis to the previously closed 3 cm. stump
of the residual terminal ileum. This group of
dogs had lost the most weight and were in
the poorest condition at the time of reopera-

tion. One animal died of pneumonia, one

died of postoperative obstruction, and one

survived the reoperation without complica-
tion.

After a suitable time had elapsed follow-
ing an intestinal preparation (usually in ex-

cess of four weeks), each dog participating
in the balance study was fed 700 Gm. of a

canned dog food (Pard) daily for three
days. On the last two days the feedings were
colored with carmine red and during this
48-hour period all carmine-colored stools
were collected. Studies were also done using
the canned dog food with added lard, thus
increasing the fat content from approxi-
mately 5 per cent to 18 per cent. Each ani-
mal was studied for at least four periods dur-
ing the time of observation.
The water, fat and nitrogen content of

the carmine-colored food and stool was then
determined. The water content was meas-

ured by weighing, dehydrating and reweigh-
ing an aliquot sample of food or stool. The
nitrogen concentration of food and stool was
determined by a standard Kjeldahl technic.
The total fat content was determined by a
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FIG. 2. Weight curve of Group I and IA animals
charted as the percentage of gain or loss from initial
normal weight before the first operation.
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FIG. 3. Weight curve of Group II and' IIA ani-
mals charted as the percentage of gain or loss from
initial normal weight before the first operation.

wet method developed by Van de Kamer
and his associates.13 In brief, the method
consists of first saponifying a weighed sam-

ple of the well-mixed stool (or dog food)
with a concentrated alcoholic solution of
KOH. The soaps thus formed are converted
to fatty acids with HCL and the fatty acids
then extracted with petroleum ether. After
evaporation of the ether, the fatty acids are

titrated against 0.1 N NaOH, using thymol
blue as an indicator. The calculation is car-

ried out assuming an average molecular
weight of 284 for fatty acids. The method
has a margin of error of less than two per

cent.
441

Volume 140
Number 3

- i i 1- -4 --.-4

l



KRENIEN, LINNER AND NELSON

RESULTS

Animals were carefully weighed at weekly
intervals. Figures 2, 3, 4, 5 and 6 depict the
average of the deviations from the preopera-
tive normal weights of all animals in the
group. Group I animals, with loss of the
proximal 50 per cent of small bowel, lost 15

ity as a Thiry-Vella fistula. Following this
procedure the animals steadily gained
weight and in 14 weeks had regained their
original normal weight, which they main-
tained to 22 weeks.
Group III animals, which were similar to

Group II except for bypass of the ileocecal
valve, lost weight steadily and progressively,
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FIG. 4. Weight curve of Group III and IIIA ani-
mals charted as the percentage of gain or loss from
initial normal weight before the first operation.

per cent of their preoperative weight by
seven weeks, but by 24 weeks had regained
their normal weight. When these animals
were converted to Group IA, with bypass of
the- ileocecal valve, no change in their nor-

mal weight was observed.
Group II animals, with loss of the distal

50 per cent of small bowel, on the other
hand, exhibited progressive weight loss
equal to 15 per cent of their body weight by
15 weeks postoperatively, and then ap-

peared to hold their weight stable to 24
weeks, but did not regain the weight they
had lost. At this time they were reoperated
upon and converted to Group IIA. The distal
50 per cent of small bowel which previously
had been out of the intestinal stream was re-

placed and the proximal 50 per cent of small
bowel was removed from intestinal continu-

FIG. 5. Weight curve of Group IV animals
charted as the percentage of gain or loss from initial
normal weight before operation.

and exhibited the most profound cachexia of
all the groups. There did not appear to be
any tendency in this group of animals to-
ward compensation and stability of their
weights. When these animals were reoper-

ated upon and converted to Group IIIA by
re-establishing intestinal flow through the
ileocecal valve, two animals in the group

died soon postoperatively from inanition
and technical difficulties. However dog 147,
which had suffered the most profound
weight loss (50 per cent of its preoperative
body weight), survived. It remains in good
health, although still undernourished. Its
progressive weight loss was halted, and it
was able to regain the weight loss incident
to its reoperation.
Group IV animals, which were similar to

Group I except that 70 per cent instead of 50
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PROXINMAL ANI) DISTAL SMALL INTESTINE

per cent of proximal small bowel was re-

moved from intestinal continuity, lost about
five per cent of their preoperative weight
and then stabilized at about this level.
Group V animals, which again were similar
to Group II except that 70 per cent of the
distal small bowel was removed from intes-
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FIG. 6. Weight curve of Group V animals charted
as the percentage of gain or loss from initial normal
weight before operation.

tinal continuity, lost one-fifth of their pre-

operative weight, and then appeared to hold
their weight at that level without any other
apparent ill effects.

BALANCE STUDIES

Pard dog food was selected for the test
diet during study periods because of its
ready availability and its standard consist-
ency. Each batch was separately analyzed
for nitrogen and fat during the study peri-
ods, with closely reproducible results. On
this diet, normal control animals consistently
exhibited a greater fecal nitrogen excretion
than one would normally expect, averaging
28 per cent the ingested nitrogen in the food.
This finding was observed on many animals
on repeated occasions, and remained con-

stant. When the method was checked on

normal dogs on a horsemeat diet, expected
normal values were consistently obtained,
averaging six per cent of ingested nitrogen

appearing in the stools. According to the
manufacturer, over 50 per cent of the pro-

tein of Pard is of animal origin and the re-

mainder (under 50 per cent) of the protein is
from cereal, fiber and soya flour. It would
appear that these vegetable proteins are

more poorly digested and absorbed in the
dog, accounting for the high values of nitro-
gen in the stools of the control dogs. Com-
parison of experimental animals to these
control values are nevertheless reproducible
and valid for the purposes of this study. Fat
losses on the Pard diet, however, were uni-
formly within expected normal levels in all
control animals tested.

Figure 7 presents in summary the aver-

ages of two or more balance studies of all
animals in each group for both the low and
high fat diet. The data are tabulated as the
percentage of ingested fat and nitrogen ap-

pearing in the stools, the water content of
the stools, and as the percentage of fat in
dessicated stool.

In Groups II, III, IIIA and V, where the
distal small bowel is out of the intestinal
stream, there is a consistently high loss of
fat in the stools. Whereas percentage of fat
losses in the control animals on the Pard diet
were 10 per cent of the intake, fecal losses
in these animals varied from 80 to 90 per

cent of fat intake. In Groups I, IA, IIA and
IV, where the proximal small bowel is out of
intestinal continuity and the distal small
bowel is in place, the fecal fat losses were
only slightly above control values.
On the high fat intake ( 18 per cent fat)

studies, control animals showed an 8 per
cent loss in the stool. This apparent decrease
in percentage of ingested fat lost in the
stools as the fat intake increased has been
pointed out by Magnus-Levy8 and Wollae-
ger and associates.16 Even under starvation
conditions, fats can be found in the stool as

was observed by F. Mueller.10 When the in-
take of fat is low, the percentage of loss of
ingested fat appears to be higher, even

though the actuial output of fat is not in-
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creased over the normal. In these studies the
percentage of ingested fat appearing in the
feces in all comparable experimental groups
was quite similar in both the high and low
fat intake periods, but averaged somewhat
less on the high fat diet.
The percentage of fat of fecal solids on

the low fat diet was not greatly increased
when the distal small bowel was in the in-
testinal stream (Groups I, IA, IIA and IV),
and was increased markedly when the distal
small bowel was excluded (Groups II, III,
IIIA and V). On the high fat diet, the per-
centage of fat in fecal solids was increased
in all groups, but again exhibited similar
patterns of distribution in the various groups
of preparations. No striking changes in H20
content of the stool was observed in any of
the groups of animals studied.

Bypass of the ileocecal valve by conver-
sion of Group I to IA in the-proximal bowel
exclusion group did not appear to alter the
efficiency of fat absorption in any discern-
ible way. Similarly, in Group III and IIIA,
animals with the distal small bowel ex-
cluded, no significant effect of the ileocecal
valve on fat absorption was observed, al-
though there was a slight decrease in the
percentage of fat in fecal solids when the
ileocecal valve was in the intestinal stream.

Reoperation upon Group II animals, with
conversion to Group IIA, produced the most
striking changes in fat absorption. When the
distal bowel was excluded from the intesti-
nal stream the fat losses in the stool were
87.9 per cent on the low fat diet and 72.5
per cent on the high fat diet. After re-opera-
tion with substitution of the distal small in-
testine for the proximal small bowel, the fat
losses in these animals fell to normal levels
of 7 per cent on the low fat diet, and to 4.59
per cent on the high fat diet. Similar changes
in percentage of fecal fat solids were ob-
served, with a fall from 40 per cent to 7 per
cent on the low fat diet, and from 65 per cent
to 15 per cent on the high fat diet.

Nitrogen losses in the stool, although less
striking and less marked, were observed to
follow similar patterns to fat losses for the
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various groups of animals. No significant in-
creases of fecal nitrogen loss over controls
were observed when the proximal small
bowel was defunctionated, whereas moder-
ate but significant increases in fecal nitrogen
excretion occurred on loss of the distal small
bowel.

TRANSIT TIME

Efforts were made to determine transit
time through the small intestine, to evaluate
the effect of this item on nutritional adjust-
ment, and to correlate, if possible, speed of
intestinal transport to its various levels. It is
notoriously difficult to obtain exact measure-
ments, indeed to know exactly what the
measurements mean. A number of factors
appear to be important in this regard,
namely gastric emptying time, speed of
transit of material through the small bowel,
and the time of complete emptying of the
small bowel. These factors may or may not
be interdependent, but any or all could have
an effect on nutritional adjustment.
Measurements were made by taking serial

roentgenograms after the ingestion of 75 cc.
of a suspension of barium sulfate and cereal
in water. The time from feeding to the first
appearance of barium in the cecum was con-
sidered the transit time, and the time of ap-
parent complete emptying of the small
bowel of barium was also noted. Compari-
son of average results in various groups re-
veal a slightly shorter transit time in those
groups of preparations where the distal
small bowel was excluded. Interpretation of
these findings were difficult, however, since
variations of animals within each group on
occasion exceeded intergroup variations.
Under the conditions of these experiments
the alterations in motility did not appear to
reflect the more marked differences in ab-
sorptive capacity of the proximal and distal
small bowel. In the preparations where the
ileocecal valve was bypassed (Group IA and
Group III), the transit time was consider-
ably more rapid than it was in Groups I and
IIIA. Similarly, Group III animals exhibited
a more rapid transit time than did Group II.
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Fic. 7. Balance study data charting averages of all anim11als in each grotlup of the percentage of
ingested fat lost in the stools, the percentage of fat in fecal solids, the percentage of iingested
iitrogen recovered in stools aind( the wvater colitent of stools on lowr aid hiigrh fat (liets.

D)IUt5 I1ON

The vast lengtlh of small intestinie with its
comlbinedl ftunctions of digestioni, tranisport,
aind absorption has received very little in-
tensive scrutiny regarding essential ftunc-
tions of its various levels. Although consider-
able segments of the small bowel can l)e
sacrificed, a portion of it is absoluitely essen-
tial to life, in contradistiinctioin to the stoIml-
ach, duodenum or colon, 'which caii be
sacrificed in toto. In clinical practice, exteni-
sive resections of the small bo-wel are uisuially
tlictated bv the exigencyT of the sittuatioln
immediatelv at hand; most commonly, in-
farcted bow%el or extensive neoplastic in-
volvement, and the suirgeon has little choice
but to remove the ar-ea of involvement. How-
ever, even uinder these cir-ctumiistances aL

certaiin latitude of judgmnient may be aL\ail-
able to the suirgeoni, and it is of rieal impor-
tance to have factual data reurardina iil)or-
tianlt physiolo(gic funiictioins of the various
levels of the guit. Another consideration,
which to (late has not receixved clinictl trizal,
is the possibility of treating extreme cases of
obesity by removing from intestinal contintu-
itv sufficient simiall bowel to prodluce weight
loss without any other serious hazard oI im-
pairment. It is entirely possible that stich an1
effect couild le obtained bv the sacrifice of
most of the ileumini with preservation of the
ileocecfal jtunctture. One suclh case has re-
centlv beeni tr-eatedl in this fashioin, aind will
be reported in at subsequent publication.

Trzebickv 1 2in 1894 first studied the prol)-
lem of comparative functioni of the simall
b)ow7el experimentally, an(ti conicliide(I that
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proximal resectioin produce(I more marked
nutritional sequelae than did(listal resec-
tions. Clatworthy et al.:, mlore recentlv
studied the effects of extensive intestinal re-
sections on growth of newborn dogs. They
observed no difference in stubsequent
growth, with sacrifice of comparable lengths
of proximal, middle or distal small intestine.
Similarly, Weckesser et al.'--, in 1951 re-
ported that he was unable to observe any
marked difference in nutritional adjustment
between proximal and distal resections of
the small bowel. In the proximal resections,
two-thirds of the measured gut, beginning
at the level of the ampula of Vater, was re-
moved; and in the distal resections, two-
thirds of the measured small bowel was re-
moved from the ileocecal juncture upward.
Vagotomy was also performed in an effort
to increase the transit time and thereby im-
prove the nutritional adjustment. However,
although transient beneficial results were
obtained thereby, there was no lasting bene-
fit derived from the latter procedure.

Jensenius,7 on the other hand, found a
very definite difference in fat absorption be-
tween proximal and distal small bowel re-
sections, noting increased loss of fat in the
stools after ileal resections. Our own resuilts
corroborate the observations of Jensenius,
showing the ileum to be the primary area of
fat absorption in the dog. Markedly in-
creased fat losses on all balance studies
where the distal small bowel is out of intesti-
nal continuity (Groups II, III, IIIA and V)
was consistently observed, whereas rela-
tively normal values were noted when only
the proximal bowel was excluded from the
intestinal stream. Moreover, the striking fall
in fat loss to normal values associated with
gain in weight when Group II animals were
converted to Group IIA appears to jtstify
this conclusion.

Protein absorption also appears to occur
in considerable measure in the ileum, since
fecal nitrogen losses were increased in all
preparations where the ileum was removed.
However, this may in part be due to the

presenee of higher concentrations of fat
being lost from the intestinal stream uinder
these ciretumstances. A further suggestion in
this direction is the observation that greater
fecal nitrogen losses occurred when these
animals were on a high fat diet, restulting in
greater concentrations of fat being lost in
the stool.

CONCLUSIONS

The proximal 50 to 70 per cent of the small
intestine of dogs can be removed with no
apparent ill effects. Weight is maintained,
and protein and fat absorption are not sig-
nificantly altered.

Sacrifice of the distal 50 per cent of the
small intestine produces a profound inter-
ference with fat absorption associated wvith
loss of weight.
The ileocecal valve appears to have an im-

portant effect on the nutritional adjustment
to sacrifice of the distal small bowel, but ap-
pears less important in sacrifice of the proxi-
mal small bowel.
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DISCUSSION.-DR. HERBERT WILLY MEYER, New
York, New York: I have been tremendously inter-
ested in this beautiful study by Dr. Kremen, and
I would like to take just one minute to give a
clinical report on a young soldier whom I had the
opportunity of operating on during the Battle of
the Bulge in Luxemburg.

He had had a minor shell fragment wotnd, and
during his stay in the hospital developed actute
thrombosis of the superior mesenteric artery just
distal to the mid-colic artery. I had to resect all
of the small intestine except the upper 18 inches
of the jejunum, all of the cecum, ascending colon,
and a portion of the transverse colon. I then per-
formed a jejuno-transverse colostomy.

This soldier was evacuated to England and
then brought to the United States to the Mayo
General Hospital. Colonel John Gibbon, Jr., who
was chief of surgery, was kind enough to study
him. They found that he had very little digestion
of carbohydrates and fats. He was later discharged.
The interesting part of the story, and the only
reason I speak about it is that it is now over nine
years since that extensive resection. I know that
many cases have appeared in the literature, but
this follow-up of nine years is of interest because
his original weight at the time of operation was
138 pounds. His low weight was 99 pounds and
he now weighs 125 pounds. He is married and has
two children and works daily.

He has three or four soft bowel movements,
but they have found that he suffers from avitamino-
sis. He lives in Waterloo, Iowa, and has been
studied at the Veterans Hospital at Des Moines
and by a doctor in Waterloo. He also has devel-

oped some anemia, and has had to have liver
injections.

I would like to show you two slides that were
made in Waterloo.

(Slide) This is a postevacuation film after a
barium clysma. You will note in the lower righthand
corner the empty sigmoid colon. The large amount
of barium that you see is in the distended jejunum
-the residual 18 inches. You also will note that
the barium clysma has partly outlined the duodenal
cap, and a little of it has run into the stomach.

(Slide) This shows a photograph of the pa-
tient nine years after the removal of all of the small
intestine and half of the large intestine. A report
of this case appeared in the Archives of Surgery, 53:
208, September, 1946.

DR. PHILIP SANDBLOM, Lund, Sweden: A Swe-
dish surgeon, Dr. V. Henrikson of Gothenburg,
tried to control obesity in a woman whose appetite
was better than her character, by resection of an
appropriate amount of the small intestine. He
found that although the lady lost very much weight,
it was difficult to keep her in balance. After this
beautiful study by Dr. Kremen et al, this question-
able method of controlling obesity will have the
necessary experimental foundation.

DR. ARNOLD J. KREMEN, Minneapolis, Minne-
sota: I would like to thank Dr. Meyer for bringing
us up-to-date on this remarkable case of his. I
remember reading the original report in 1946. It
is one of the few cases that I know of where such
a remarkable convalescence has occurred after
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